Nitrogen is a very important parameter for water pollution control since nitrification implies in aquatic environment oxygen consumption and some nitrogen forms are toxic. In the present study, an optimization model was developed and applied aiming at simultaneous organic matter and nitrogen compounds minimum removal efficiencies determination. A water quality model and the Genetic Algorithm Metaheuristic were associated in order to solve the optimization problem. The estimated minimum efficiencies conditioned the sewage treatment systems pre-selection. The study area was the Pardo River watershed (Espírito Santo State, Brazil).
INTRODUCTION
Effluents treatment before discharge, either individual or collective, is the main strategy for water bodies' pollution control. The required treatment level depends on effluent characteristics, receiving watercourse class and self-purification capacity. (JORDÃO; PESSOA, 2014) .
In water resources management, treatment cost can be as important as the water quality goals to be achieved. Moreover, high investments in pollution control may not be feasible in developing countries (CHO; SUNG; HA, 2004) . An ideal treatment plant should be associated with minimum contaminant discharges, minimum treatment costs, and maximum sociocultural benefits (ZENG et al., 2007) . Hence, watercourses self-purification capacity studies become relevant allies of the decision-making processes associated to the effluent treatment systems selection. Watercourses self-depuration consideration can provide significant treatment costs reduction.
Adequate self-purification capacities estimation allows the evaluation of the effluents constituents maximum loads to the receiving water bodies, indicating minimum removal levels for the different constituents present in the raw sewage and, consequently, establishing minimum sewage treatment systems removal efficiencies (VALORY; REIS; .
Mathematical water quality modeling is an important tool for water resources management. Particularly, it allows watercourse self-purification capacity simulation by representing water quality conditions spatial and temporal variability in the region of interest, considering point and diffuse pollution sources (LARENTIS, 2004) .
Mathematical water quality models do not necessarily provide an optimal solution for the treated effluents allocation problem, although allowing the evaluation of large number of viable solutions for the minimum discharge points effluents treatment efficiencies determination problem. Thus, the combined application of optimization techniques and water quality mathematical modelling represents an interesting methodological alternative which can contribute to the decision-making process and, consequently, to water resources planning and management.
Although the current technical literature presents works, analysis of the environmental standards associated with Biochemical Oxygen Demand (BOD) and Dissolved Oxygen (DO) (SAADATPOUR; AFSHAR, 2007; ALBERTIN, 2008; ANDRADE; MAURI; FEIZI ASHTIANI; NIKSOKHAN; ARDESTANI, 2015; SANTORO; FANTIN; MENDONÇA, 2017; BRINGER; MENDONÇA, 2018) , effluent loads allocation studies involving other quality parameters, such as nutrients and faecal contamination indicators, even being necessary, are not usual.
The present work aims to develop an optimization model applicable to sewage treatment systems nitrogen and BOD minimum removal efficiencies determination, considering environmental water quality standards established by legislation, and overall sewage treatment effort within a river basin minimization. It also intends to demonstrate wastewater treatment systems pre-selection considering estimated minimum removal levels.
The Pardo River, a tributary of the Itapemirim River (the most important watercourse located in the southern region of the Espírito Santo State, Brazil) watershed, was considered to illustrate the proposed optimization model application and to demonstrate the developed combined use of water quality model and optimization technique methodology application.
STUDY AREA
Although applicable to any river basin, the methodology proposed in this study was applied to the Pardo River watershed (Figure 1) , an important tributary of the Itapemirim River, a Figure 2 displays a single-line diagram presenting the main Pardo River watershed watercourses. Pardo River watershed drainage area corresponds to approximately 611 km 2 . The watershed includes parts of four counties located in Espírito Santo State (Ibatiba, Irupi, Iúna, and Muniz Freire) and one county located in Minas Gerais State (Lajinha). The Pardo River starts in Ibatiba county and is approximately 57.9 km long. The main Pardo River tributaries are São José River, Pardinho River and Perdição River.
Pardo River receives directly the raw domestic sewage generated in Ibatiba and Iúna cities. The Pardinho River receives the sewage generated in Irupi town. Perdição River receives the sewage generated in Santíssima Trindade and Nossa Senhora das Graças towns. There are no sewage treatment plants operating at any of the above-mentioned raw sewage generation places.
MATERIAL AND METHODS
The methodology developed in this study involves, within a river watershed, the association of a water quality simulation model with an optimization technique to obtain minimum wastewater treatment systems BOD and nitrogen removal efficiencies, besides pre-selection of systems which present removal levels compatible with those minimum estimated. In the following items different aspects associated with minimum treatment efficiencies determination and sewage treatment systems pre-selection processes will be presented.
BOD and nitrogen minimum removal efficiencies

Water quality mathematical modeling
Water quality simulation was performed by a mathematical model developed in the MatLab software environment. The model, based on the QUAL-UFMG model, describes the spatial variation of DO, BOD, total nitrogen and its fractions (organic nitrogen, ammoniacal nitrogen, nitrite and nitrate) along watercourses.
The phenomena considered in the water quality parameters modeling were the deoxygenation due to oxidation of organic matter carbonaceous fraction; nitrification due to ammonia oxidation; sediment oxygen demand and atmospheric reaeration. Modeling did not consider oxygen production by photosynthesis and oxygen consumption by respiration.
The physiographic characteristics, raw effluents kinetic constants, hydrodynamic information, organic loads and raw effluents flows ( Table 1) reproduced those obtained by Calmon et al. (2016) . These authors developed a methodological procedure to support surface watercourses classification processes that was applied to the same watershed analyzed in the present study.
The river BOD decomposition coefficient, d K , was determined according to the water body hydraulic characteristics (depth and flow), by means of an equation proposed by Hydroscience Inc. (1971) . The reaeration coefficient, 2 K . , was also obtained by correlation with hydraulic variables, from the formulation originally determined by O'Connor and Dobbins (1958 apud BOWIE et al., 1985) . The sedimentation coefficient, s K , adopted in this work was 0.05 d -1 . The choice of these values was based on the range of typical values for shallow rivers receiving low concentration sewage, as presented by Von Sperling (2014b). It is important to note that the assumed value for s K is in favor of safety since it represents the coefficient typical values range lower limit, corresponding to limited reduction of the BOD quantity in the liquid mass due to sedimentation.
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Methodology for minimum nitrogen compounds removal efficiencies estimation and wastewater treatment systems pre-selection: a watershed approach Pardo river basin water quality simulations were carried out for the following scenarios regarding organic nitrogen and ammonia effluent concentrations:
• Scenario 1: The effluents organic nitrogen concentration was considered 30 mg.L -1 , the maximum value of the range of typical values proposed by Von Sperling (2014b) for domestic effluents. The effluents ammonia concentration was considered 50 mg.L -1 , the maximum value proposed by Feigin et al. (1991 ( apud NYENJE et al., 2010 . In this work, conservative values were adopted for domestic sewage organic nitrogen and ammonia concentrations for safety reasons, since the higher the raw sewage nitrogen compounds concentrations, the higher the minimum removal levels of these constituents in order to ensure compliance with environmental quality standards;
• Scenario 2: From the organic nitrogen and ammonia concentrations values adopted in Scenario 1, it was considered that all the organic nitrogen domestic sewage concentration was converted to ammonia through the ammonification process, adopting null concentration for organic nitrogen and 80 mg.L -1 for ammonia concentration.
Optimization model
The optimization model formulation in this study was based on the one originally proposed by Valory, Reis and Mendonça (2013) , which sought to minimize the sum of the sewage treatment BOD removal efficiencies values in the Pardo River watershed. However, the model proposed in this study seeks to determine the minimum BOD and ammoniacal nitrogen removal efficiencies simultaneously.
This optimization model was applied to three discharge conditions. Firstly, the discharge condition 1 considered the use of the rivers self-purification capacities for effluents assimilation without the imposition of effluents quality standard. Secondly, the discharge condition 2 considered maximum BOD concentration in the effluent equal to 120 mg.L -1 . Lastly, the discharge condition 3 considered the BOD removal efficiency at least 60%. Furthermore, it is important to note that the last two discharge conditions were established according to Brazilian National Environment Council (CONAMA) Resolution 430/2011 Article 21, which defines sewage discharge conditions with respect to BOD concentrations (BRASIL, 2011) .
In this model, the objective function, represented by Equation 1, has two summands, one referring to the BOD removal efficiency, and another to nitrogen removal efficiency.
values are the pairs of BOD and ammoniacal nitrogen removal efficiencies for each Pardo River watershed sewage discharge. The proposed optimization model assumed the basic hypothesis that the removal of organic matter and nitrogenous compounds are equally important. It may be noted that it is allowed different perspectives accommodation through eventual incorporation of weights to the summands that make up the objective function. The constraints regarding limits for effluent constituent removal efficiencies and quality standards Sá et al.
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established by CONAMA Resolution 357/2005 considered in the optimization model were those presented by Inequalities 2 to 13.
The study area watercourses did not undergo classification process. Hence, they were considered class 2, as recommended by CONAMA Resolution 357/2005 (BRASIL, 2005 . 
Optimization technique
The proposed optimization model application was performed by the Genetic Algorithm (GA) optimization technique, with the aid of the Optimization toolbox, available in the MatLab software. This technique presents as main operators the type of selection, crossover, and mutation; and as the main parameters the initial population size, elitism, recombination probability and mutation probability. Table 2 shows the operators and parameters adopted in this study, which reproduced the values tested and proposed by Valory, when evaluating minimum sewage treatment efficiencies for fictitious sewage discharges located in the upper region of the Santa Maria da Vitória River (Espírito Santo State, Brazil).
Wastewater treatment systems pre-selection
Treatment systems were pre-selected for the five sewage final disposal points located in the Pardo River watershed based on the BOD and ammonia minimum removal efficiencies.
The BOD and ammonia removal efficiencies reference values for each treatment system considered in the pre-selection, presented in Table 3 , correspond to the central values of the removal efficiencies ranges presented by Von Sperling (2014a). However, it is important to note that the sewage treatment systems removal efficiencies vary according to the characteristics of the sewage to be treated, the climatic conditions (in particular with the ambient temperature, whose values present daily and seasonal variations), the wastewater treatment plant (WWTP) operation conditions, among other factors. Thus, the adoption of reference values for treatment efficiencies is a very important part of the treatment systems pre-selection process since it may eventually lead to the suggestion of a diversified set of sewage treatment systems.
Systems that require electric power for aeration were not considered for the Santíssima Trindade and Nossa Senhora das Graças towns (located in Iúna county), hence imposing a limitation on energy consumption. However, treatment systems associated with effluents final disposal in the soil were accepted since these communities present very small numbers of inhabitants (which leads to low final effluent outflows), thus not requiring significant areas for soil disposal. On the other hand, the treatment alternatives associated with final effluent disposal in the soil were not considered for Ibatiba, Iúna, and Irupi cities. These urban areas are more populated and their effluents volumes to be disposed would demand large areas, which could eventually make this treatment type option not feasible.
RESULTS AND DISCUSSION
The results of the application of the methodology proposed in this study to the Pardo River watershed are presented in three stages. The first stage discusses the self-purification capabilities of the watercourses that receive domestic sewage discharges without any kind of treatment. Then, the sewage BOD and nitrogen removal efficiencies are presented. They were estimated for each locality by association between the water quality model and the optimization technique. Lastly, the sewage treatment systems pre-selection results are presented and discussed for each of the locations currently discharging raw sewage into the watershed watercourses. 
Simulation of the raw sewage discharge
The initial simulation generated concentration profiles for the water quality different parameters when considering the current Pardo River watershed condition (raw sewage discharge in five disposal points located in the watershed). DO, BOD, organic nitrogen, ammoniacal nitrogen, nitrite and nitrate concentration profiles were obtained for the three Pardo River watershed watercourses that receive sewage discharges (Pardo River, Pardinho River and Perdição River) taking into account the scenarios established by the different distribution of total nitrogen concentrations between organic nitrogen and ammonia. Table 4 presents, for each watercourse that receives sewage discharge in the studied watershed, DO, BOD, ammoniacal nitrogen, nitrite and nitrate critical concentrations obtained by simulating the water quality conditions for scenario 1 (effluents organic and ammoniacal nitrogen concentrations 30.0 mg.L -1 and 50.0 mg.L -1 , respectively).
Based on CONAMA Resolution 357/2005 DO concentration limit for class 2 rivers and from the concentration profiles generated by the water quality model, it was observed that DO concentrations remained above the minimum, 5.0 mg.L -1 , even for raw sewage discharge. On the other hand, for BOD, the Pardo and Pardinho Rivers presented concentrations above the maximum limit, 5.0 mg.L -1 , hence in disagreement with the quality standard established for class 2 rivers. Regarding to the different nitrogen forms, even with raw sewage inflow, the concentrations are in accordance with the quality standard defined for class 2 rivers, if water pH values remain below 7.5. Figure 3 shows the DO and BOD profiles along the Pardo River, and Figure 4 shows the nitrogen compounds (organic, ammoniacal, nitrite and nitrate) profiles for the same watercourse. Sá et al.
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Pardo River BOD profile (Figure 3) shows two concentration peaks, related with domestic sewage inflows of Ibatiba (km 16.3) and Iúna (km 35.9), reaching 18.46 mg.L -1 , and 6.89 mg.L -1 , respectively. In addition, this profile shows BOD concentration decreases at the three points where the Pardo River receives São José, Pardinho and Perdição tributaries, at kilometers 23.4, 30.8, and 37.0, respectively. São José River affluence contributes to the increase in the Pardo River organic matter dilution because it does not receive sewage discharges. Conversely, Pardinho River receives domestic sewage discharge in Irupi and contributes to the increase of the Pardo river flow without, however, causing increase in the BOD concentration. Perdição River receives very low domestic sewage contributions from Santíssima Trindade and Nossa Senhora das Graças, and its water reaches the Pardo River with low organic matter concentrations (lower than those estimated for the Pardo river) due to its self-purification capacity.
Pardo River DO profile (Figure 3) indicates that the increase in BOD concentration by the Ibatiba domestic sewage discharge caused significant DO consumption DO minimum concentration was equal to 5.04 mg.L -1 . Additionally, there was an increase, although very low, in DO concentrations due to São José River, Pardinho River and Perdição River tributaries inflows.
Pardo River organic and ammoniacal nitrogen profiles ( Figure 4) showed concentration peaks at the domestic sewage discharge points located in Ibatiba and Iúna cities, and in concentrations reductions at points where tributaries inflow. Organic nitrogen concentrations estimated by the quality model reached 1.89 mg.L -1 and 1.08 mg.L -1 at Ibatiba and Iúna domestic sewage discharge points, respectively. Ammonia concentrations estimated by the quality model reached 3.58 mg.L -1 and 2.45 mg.L -1 at the same discharge points.
It is important to note that CONAMA Resolution 357/2005 establishes quality standards for nitrogen compounds in freshwater bodies according to class and pH range ( Table 1) . The maximum ammonia concentration obtained by the water quality model (3.58 mg.L -1 ) was lower than the limit established by the Resolution (3.7 mg.L -1 ) for water bodies presenting pH less than 7.5. However, the maximum admissible concentration for total ammonia is 2.0 mg.L -1 for water bodies presenting pH in-between 7.5 and 8.0. Thus, Pardo River would not satisfy this condition after the Ibatiba city sewage final disposal for this pH range.
Pardo River nitrite and nitrate profiles showed an approximately constant growth. This gradual increase in parameters concentration is a consequence of the nitrification process, in which the ammonia oxidizes to nitrite, and the nitrite, in turn, to nitrate. In addition, it was observed that nitrite and nitrate concentrations increased after inflow from Ibatiba due to the ammoniacal nitrogen present in domestic sewage. São José River produced, by dilution, retraction in the growth of nitrite and nitrate profiles. Along the Pardo River stretch simulated by the water quality model, nitrite concentrations varied from zero to 0.49 mg.L -1 , while nitrate concentration varied 1.00 10.00
(1) The environmental standard for ammonia depends on the water body pH. For pH values less than 7.5, 3.7 mg.L -1 ; pH in-between 7.5 and 8.0, 2.0 mg.L -1 ; pH in-between 8.0 and 8.5, 1.0 mg.L -1 ; pH values higher than 8.5, 0.5 mg.L -1 . from zero to 0.38 mg.L -1 . Hence, both parameters concentration values were lower than the respective environmental water quality limits. Total nitrogen profile, obtained by the sum of nitrogen forms concentrations, indicated nitrogen decay along the river due to particulate organic nitrogen sedimentation. Table 5 displays DO, BOD, ammoniacal nitrogen, nitrite and nitrate critical concentrations obtained by water quality simulations for scenario 2. Effluents organic and ammoniacal nitrogen concentrations were assumed equal to zero and 80.0 mg.L -1 , respectively
Unlike what resulted from scenario 1 simulations, Pardo River DO concentrations simulated for scenario 2 did not satisfy the class 2 rivers water quality standard. It was also observed that, for BOD, the critical concentrations obtained for scenario 2 were identical to those obtained for scenario 1. On the other hand, the ammoniacal nitrogen concentrations did not satisfy the environmental quality standard in the Pardo and Pardinho Rivers. Figure 5 shows the DO and BOD profiles along the Pardo River. Figure 6 presents the nitrogen forms profiles along the watercourse.
Pardo River BOD profile ( Figure 5) obtained by water quality model simulation for scenario 2 presented the same behavior observed in the BOD profile obtained for scenario 1. Likewise, the DO profile presented similar behavior to that observed for scenario 1. However, the concentrations were lower and the critical DO concentration (4.90 mg.L -1 ) was lower than the environmental water quality limit for class 2 rivers. The DO concentrations decrease for scenario 2 was due to the nitrogen demand increase, since this scenario considered the increase of the ammoniacal nitrogen concentration to be oxidized to nitrite and to nitrate.
Pardo River organic nitrogen profile ( Figure 6) presented a constant decrease, since in scenario 2 the organic nitrogen concentrations in the raw sewage were considered null. Thus, the final sewage disposal did not contribute to the increase of this constituent concentration in the watercourse. The organic nitrogen concentration in the simulated stretch ranged from 0.92 mg.L -1 to 0.59 mg.L -1 , a decrease in concentration that occurred exclusively due to the ammonification process.
Pardo River ammoniacal nitrogen profile obtained for scenario 2 presented concentration values similar to those observed in the profile established for scenario 1, with concentration peaks at the Ibatiba and Iúna cities domestic sewage discharge points, with decreases in concentration due to the tributaries affluences. The ammoniacal nitrogen concentration peaks estimated by the quality model reached 4.79 mg.L -1 and 2.84 mg.L -1 at the final domestic sewage disposal points. Hence, the ammoniacal nitrogen concentration profile presented peaks that exceeded the water quality limit for any pH value.
Along the Pardo River nitrite concentrations varied from zero to 0.54 mg.L -1 , while nitrate concentrations varied from zero to 0.41 mg.L -1 . Thus, all concentration values for both parameters were lower than the respective limits established by CONAMA Resolution 357/2005. 1.0 10.0
(1) The environmental standard for ammonia depends on the water body pH. For pH values less than 7.5, 3.7 mg.L -1 ; pH in-between 7.5 and 8.0, 2.0 mg.L -1 ; pH in-between 8.0 and 8.5, 1.0 mg.L -1 ; pH values higher than 8.5, 0.5 mg.L -1 . Sá et al.
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Minimum BOD and nitrogen removal efficiencies Table 6 presents the sets of minimum BOD and ammonia removal efficiencies estimated by the simulations for both effluent disposal scenarios and the three discharge conditions analyzed in this study.
From the results analysis, summarized in Table 6 for discharge condition 1, the following observations are considered relevant:
• For the first effluent disposal scenario and pH values less than or equal to 7.5, the BOD removal efficiencies were 84%, 81% and 15% for Ibatiba, Irupi and Iúna cities, respectively, and null for Santíssima Trindade and Nossa Senhora das Graças towns. Ammonia removal efficiencies were zero for the five locations. For the pH range from 7.5 to 8.0, the BOD removal efficiencies were 87%, 81% and 13% for Ibatiba, Irupi and Iúna, respectively, and null for the towns. The ammonia removal efficiencies for Ibatiba, Irupi and Iúna were 80%, 71% and 33%, respectively, and null for Santíssima Trindade and Nossa Senhora das Graças;
• For the second scenario and pH values less than or equal to 7.5, the BOD removal efficiencies were the same as those estimated for the same pH range in the first scenario. However, ammonia removal efficiency were 34% for Ibatiba, 8% for Irupi and null for Iúna and both towns. For the pH range from 7.5 to 8.0, BOD removal efficiencies were 85% (Ibatiba), 81% (Irupi) and 15% (Iúna), while ammonia removal efficiency were 90% (Ibatiba), 82% (Irupi) and 43% (Iuna). For Santíssima Trindade and Nossa Senhora das Graças corresponded zero efficiencies for both BOD and ammonia removals.
The simple verification of Table 6 , for discharge condition 2, considering the maximum treatment system effluent BOD concentration 120 mg.L -1 , shows that:
• The four simulation sets presented equal BOD removal efficiencies (84% for Ibatiba, 81% for Irupi and 70% for Iúna, Santíssima Trindade and Nossa Senhora das Graças);
• The ammonia removal efficiencies were equal to equal to those obtained for discharge condition 1. The incorporation of the restriction associated to the maximum BOD concentration 120 mg.L -1 showed no effect on the ammonia removal efficiencies.
By examining the results presented in Table 6 , for discharge condition 3 in which the BOD removal efficiencies must be equal to at least 60%, it is observed that:
• The four sets of simulations produced the same BOD removal efficiencies for the watershed cities and towns (84% for Ibatiba, 81% for Irupi and 60% for Iúna, Santíssima Trindade and Nossa Senhora das Graças); • The ammonia removal efficiencies presented values equal to those obtained when there was no effluent quality standard imposition. Thus, it was found that the incorporation of the restriction associated with the minimum effluent BOD removal efficiency 60% had no effect on the removal ammonia efficiencies.
It is important to note that effluent quality standards adoption or minimum treatment levels imposition can lead to significant increases in BOD removal efficiencies, condition that was not reproduced for the minimum ammonia removal levels. In this context, treatment plants can be overestimated and lead to adoption of more robust treatment systems presenting higher costs, thus contributing to inadequate financial management of the generally limited resources available for WWTP implementation and operation.
Pardo River BOD, DO and ammonia concentration profiles were drawn from the estimated efficiencies set for discharge condition 1, scenario 1 and waters presenting pH from 7.5 to 8.0 as presented in the Figures 7, 8 and 9 , respectively. Analyzing these Figures it is possible to observe that the estimated BOD and ammonia removal efficiencies allowed these constituents concentrations to reach (without exceeding) the environmental quality standard. Additionally, the DO concentrations remained above the minimum value established by the environmental quality standard, showing that the estimated efficiencies values were the smallest possible.
Wastewater treatment systems pre-selection
Treatment systems pre-selection was carried out from the results of three discharge simulations conditions: a) rivers self-purification capacities consideration for effluents assimilation (C1); b) treated sewage BOD concentration 120 mg.L -1 (C2) and c) minimum BOD removal efficiency 60% (C3). Tables 7 to 10 present treatment systems pre-selection results for each Pardo River watershed sewage disposal site.
From Tables 7 to 10 analysis, the following observations are considered:
• The combined use of the water quality model and the optimization technique indicated the highest removal efficiencies of both BOD and ammonia for the sewage generated at Ibatiba and Irupi cities, regardless of the final effluent disposal condition evaluated. The minimum BOD removal efficiencies estimated for the two cities were above 80%, limiting the initial set of treatment alternatives. No treatment alternative was pre-selected for the said locations from the treatment alternatives set and treatment systems efficiencies ranges assumed in this work due to the high ammonia removal requirement for the simulations associated to the second effluent disposal scenario for water pH values from 7.5 to 8.0;
• The pre-selected treatment alternatives for Ibatiba and Irupi varied only according to the water pH range and scenarios analyzed, regardless of the eventual treated effluents quality standard imposition;
• The largest set of pre-selected treatment alternatives was established for Iúna city, although the lowest BOD and ammonia removal efficiencies were estimated for Santíssima Trindade and Nossa Senhora das Graças towns. This result pH≤7.5 7.5<pH≤8.0 pH≤7.5 7.5<pH≤8.0 pH≤7.5 7.5<pH≤8.0 pH≤7.5 7.5<pH≤8.0 pH≤7.5 7.5<pH≤8.0 pH≤7.5 7.5<pH≤8.0 A01, A02, A03, A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A01, A02, A03, A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A08, A09, A10, A14, A15, A16, A18, A19, A20, A21, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A03, A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A03, A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A03, A04, A05, A06, A07, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A04, A05, A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A09, A27, A28, A29, A30, A31, A32, A33, A35, A36, A37 A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A09, A27, A28, A29, A30, A31, A32, A33, A35, A36, A37 A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A09, A27, A28, A29, A30, A31, A32, A33, A35, A36, A37 A08, A09, A10, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 - A10. A14, A16, A18, A19, A21, A22, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 A27, A28, A29, A30, A31, A32, A35, A36
A10. A14, A16, A18, A19, A21, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A10. A14, A16, A18, A19, A21, A22, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A10. A14, A16, A18, A19, A21, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A10. A14, A16, A18, A19, A21, A22, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -A10. A14, A16, A18, A19, A21, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37 -a watershed approach was due to the fact that the pre-selection of the alternatives for these towns did not consider the choice of mechanized systems that demand power for aeration, thus eliminating 16 out of the 37 treatment systems considered. For Iúna, the adopted criteria related with the non-selection of systems associated with final soil disposal in the soil eliminated only 3 out of the 37 treatment systems;
The pre-selected treatment alternatives sets for Santíssima Trindade and Nossa Senhora das Graças towns were identical for all final sewage disposal conditions evaluated.
• The treatment systems pre-selection for the first effluents final disposal condition for Iúna, Santíssima Trindade, and Nossa Senhora das Graças was the one that indicated the greater amount of alternatives, since when considering the river self-purification capacity for effluent dilution the lowest BOD removal efficiencies and zero or very small ammonia removal efficiencies were obtained. The final discharge conditions 2 and 3 cause significant increase in the BOD removal efficiency, leading to more robust treatment systems pre-selection;
• For Ibatiba and Irupi, the pre-selected treatment systems for each final effluent discharge condition were identical for the three conditions analyzed, excepting the pre-selected systems for Ibatiba for the first effluent discharge condition and water presenting pH values from 7.5 to 8.0. In this context, water bodies self-purification capacities consideration or treated effluents quality standards imposition did not influence pre-selection;
• The scenario that considered higher ammonia inflow, considering complete ammonification before sewage discharge in the water bodies, did not produce differences in the pre-selected treatment alternatives for pH values equal to or lower than 7.5, when compared to the scenario that considered the maximum organic nitrogen and ammonia concentration values usually observed in raw sewage;
• Santíssima Trindade and Nossa Senhora das Graças towns presented the same pre-selected treatment systems for different pH ranges. Ibatiba, Irupi and Iúna cities presented smaller treatment systems set for the pH range from 7.5 to 8.0 than for the pH range less than or equal to 7.5. This aspect evidences the fact that for higher water watercourses pH values effluents treatment systems need to be more efficient towards ammonia removal, due to the toxic behavior of this constituent. Although the ammonia compounds toxicity in freshwater bodies is influenced by temperature, salinity and pH values (REIS; MENDONÇA, 2009), the present study considered only the effect of pH, since the environmental quality standards established in Brazil did not include temperature and/or salinity effects.
CONCLUSIONS
From water quality modeling combined with an optimization technique, aiming at BOD and nitrogen compounds minimum treatment efficiencies determination and sewage treatment systems pre-selection within a river basin, the main conclusions can be summarized as follows:
• The DO concentrations were in accordance with the environmental quality standard when considering the disposition of raw sewage presenting organic nitrogen concentration 30 mg.L -1 and ammonia concentration 50 mg.L -1 (scenario 1). The environmental standards for ammonia have been respected for waters presenting pH equal to or less than 7.5. Correspondingly, the environmental nitrite and nitrate parameters quality standards were always respected. However, the BOD environmental quality standard was disrespected in Pardo and Pardinho Rivers stretches;
• Considering the raw sewage disposal after complete ammonification, that is zero organic nitrogen concentration and ammonia concentration 80 mg.L -1 (scenario 2), the DO concentrations in the Pardo River respected the environmental quality standard. The standard set for BOD was violated in Pardo and Pardinho Rivers stretches. For ammonia, both rivers presented concentrations higher pH≤7,5 7,5<pH≤8,0 pH≤7,5 7,5<pH≤8,0 pH≤7,5 7,5<pH≤8,0 pH≤7,5 7,5<pH≤8,0 pH≤7,5 7,5<pH≤8,0 pH≤7,5 7,5<pH≤8,0 A01, A02, A03, A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A17, A20, A21, A23, A26, A33, A34, A37 A01, A02, A03, A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A17, A20, A21, A23, A26, A33, A34, A37 A01, A02, A03, A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A17, A20, A21, A23, A26, A33, A34, A37 A01, A02, A03, A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A17, A20, A21, A23, A26, A33, A34, A37
A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A20, A21, A23, A26, A33, A34, A37
A03, A04, A05, A08, A10, A11, A12, A13, A14, A15, A16, A17, A20, A21, A23, A26, A33, A34, A37
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than the environmental limit for any pH value. On the other hand, nitrite and nitrate parameters concentrations respected the environmental quality standards;
• In simulations where self-purification capacity for the assimilation of the effluents was considered without effluents quality standard imposition (discharge condition 1) BOD removal efficiencies ranged from zero to 87%. For discharge conditions 2 and 3, where effluents quality standards or minimum treatment efficiencies were considered, BOD removal efficiencies ranged from 60 to 84%;
• Due to the ammonia toxicity increase with pH elevation, treatment systems need to be more effluents ammonia compounds removal efficient for alkaline water. Thus, the diversity of pre-selected treatment systems was greater in those simulation conditions for which pH values equal to or less than 7.5 were assumed. Therefore, except in conditions for which watercourse pH values are known and stable, the consideration of higher pH values, according to pH ranges established by the environmental quality standard, in sewage treatment plants selection processes conducts to better aquatic environment quality;
• Considering rivers self-purification capacities, without effluents quality standards imposition, raw sewage that present the different nitrogen forms and water pH values from 7.5 to 8.0 (higher pH values for which the present study boundary condition allowed treatment systems pre-selection), the treatment systems pre-selected for Ibatiba (most populated city located in the study area) were activated sludges and their variations, and submerged aerated biofilter with nitrification or biological nitrogen removal. Under the same analysis conditions, simpler systems, such as primary treatment with septic tanks, stabilization pond systems variations, UASB reactors in association with anaerobic filter, high load percolating biological filter, polishing or surface runoff pond, biological filters and biodiscs were pre-selected for Santíssima Trindade and Nossa Senhora das Graças towns.
